Background: Research on the association between dietary patterns and breast cancer survival is very limited.
Two prospective cohort studies examined the association of dietary patterns with prognosis in breast cancer patients in the United States. In both studies, a lower pre-and post-diagnostic intake of the Western dietary pattern and a higher post-diagnostic intake of the prudent dietary pattern were associated with decreased mortality from causes unrelated to breast cancer (Kroenke et al, 2005; Kwan et al, 2009) . No associations with breast cancer-specific mortality (Kroenke et al, 2005; Kwan et al, 2009 ) and breast cancer recurrence (Kwan et al, 2009) were found. Dietary patterns are different between countries, and data outside of the United States on dietary patterns and breast cancer prognosis are limited. Thus, we examined the association of pre-diagnostic dietary patterns with mortality and breast cancer recurrence in a large cohort of German postmenopausal breast cancer survivors.
MATERIALS AND METHODS
Study population. Patients were recruited in [2002] [2003] [2004] [2005] within a large population-based case-control study on breast cancer in Hamburg and the Rhein-Neckar-Karlsruhe region in Germany (the MARIE study; Flesch-Janys et al, 2008), and followed up to the end of 2009. Patients had histologically confirmed primary invasive (stage I to IV) or in situ breast cancer, and were aged 50-74 years at diagnosis in [2001] [2002] [2003] [2004] [2005] . From 3464 postmenopausal patients, 2522 postmenopausal invasive breast cancer patients remained after excluding those with missing food frequency questionnaire (FFQ; n ¼ 520), previous cancer (n ¼ 207), in situ breast cancer (n ¼ 165), or energy intake in the bottom or top 1.0 percentile (n ¼ 50). This study was approved by the ethics committee of the University of Heidelberg, the ethical review board of Hamburg Medical Council, and the Medical Board of the State of RheinlandPfalz, and conducted in accordance with the Declaration of Helsinki.
Data collection. Besides a face-to-face interview at recruitment, patients completed a validated, self-administered 176-item FFQ (Bohlscheid-Thomas et al, 1997a,b) , referring to the year before diagnosis and including 6 additional food items rich in phytoestrogens. The FFQ was comparable to the one used in the German part of the European Prospective investigation into Cancer and Nutrition study, with similar detailed written instructions and quality procedures. For each food item, the information about portion size and consumption frequency was used to calculate intakes in grams per day. Nutrients were estimated using the German food composition table BLS II.3 (Bundesinstitut für Gesundheitlichen Verbraucherschutz und Veterinärmedizin). The FFQ food items were assigned to one of 80 food classes using the EPIC-Soft software (Voss et al, 1998) , and grouped into 25 subordinated food groups based on nutrient profiles or culinary usage according to the common classification of the EPIC project (Slimani et al, 2002; Supplementary Figure 1 and Table 1 ).
Outcome assessment. Vital status of participants was determined through population registries up to the end of 2009. Causes of death were extracted from death certificates. Medical records were checked or treating physicians were contacted to identify recurrences and to verify self-reported events collected during a follow-up telephone interview conducted from May to September 2009 (490% self-reported events verified). Recurrence included ipsilateral/contralateral/local/regional invasive recurrence and distant recurrence, and analyses for this endpoint were restricted to participants with stage I-IIIa disease, as well as information on recurrences occurring after recruitment into the study (n ¼ 2184). Participants without event of interest were censored at the date of last contact or 31 December 2009, whichever came first.
Statistical analyses. Principle component factor analysis was used to extract factors explaining the maximum proportion of the variance in the correlation matrix of the 25 food groups, and performed using SAS software 9.2 (SAS Institute, Cary, NC, USA). The number of factors to be retained in the model was determined by eigenvalues of the correlation matrix (41), Scree plots, and the natural interpretability of each factor. An orthogonal transformation (varimax) was used to rotate the correlation matrix to get a simpler data structure with greater interpretability (Rencher, 2002) . Each individual was assigned a factor score for each identified pattern using the SAS procedure SCORE. Thus, individuals with high scores for a dietary pattern have a greater tendency to follow the pattern than individuals with a low score. Labelling of the factor (i.e., dietary pattern) was performed quantitatively using a cut-off value of 0.30 of the factor loadings.
Delayed-entry Cox proportional hazards models, based on time since recruitment until event/censoring, were used to examine the association of the factor score with survival and recurrence (Therneau and Grambsch, 2000) . Hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated using the factor score for dietary pattern as categorical variable divided into quartiles. The lowest quartile was defined as the reference category. All analyses were stratified by age at diagnosis and study centre. In multivariable models, we adjusted for tumour size, nodal status, primary metastasis, tumour grade, oestrogen/progesterone receptor status, total energy intake, and for all confounders that contributed significantly to the model or influenced the HRs more than 10% (radiotherapy, mode of detection, and hormone replacement therapy (HRT) use at diagnosis; for variable categorisation see Supplementary Table 1) . Tests for linear trend with log HR were performed using the factor score for dietary pattern as a continuous variable. All tests were two-sided and considered to be statistically significant if P-value o0.05. All statistical analyses were performed using the SAS software 9.2 (SAS Institute).
RESULTS
Women were enroled in the study a median time of 97 days after diagnosis, and median follow-up time was 5.5 years. Overall, 316 deaths occurred, 235 due to breast cancer and 81 due to non-breast cancer causes (39 other cancers, 20 cardiovascular disease, and 22 other causes). Of the 2184 patients with stage I-IIIa disease and available data on recurrence status, 247 had a breast cancer recurrence.
Two major pre-diagnostic dietary patterns were defined: (1) high vegetables, fruits, vegetable oil, sauces/condiments, and soups/ bouillons intake ('healthy' pattern), explaining 45.8% of the variance; and (2) high red meat, processed meat, and deep-frying fat intake ('unhealthy' pattern), explaining 29.8% of the variance (Table 1) . Women in the highest compared with the lowest quartile of the 'healthy' pattern were more likely to be past smokers, more physically active, and had a higher educational and occupational level. For women in the highest quartile of the 'unhealthy' pattern, this was the other way around (Supplementary Table 1) . Women in the highest compared with the lowest quartile of the 'unhealthy' pattern were at an increased risk of overall mortality, driven by an increased risk of non-breast cancer mortality (HR, 3.69; 95% CI, 1.66-8.17; P-trendo0.001; Table 2 ). Results were similar but attenuated when restricted to stage I-IIIa patients (Supplementary Table 2 ). No associations were observed between the 'unhealthy' pattern and breast cancerspecific mortality (Table 2) or breast cancer recurrence (Table 3) . The 'healthy' pattern was not associated with any of the mortality outcomes in the total population (Table 2) , but in stage I-IIIa patients an inverse association with overall mortality (HR, 0.74; 95% CI, 0.47-1.15; P-trend ¼ 0.02) and breast cancer recurrence (HR, 0.71; 95% CI, 0.48-1.06; P-trend ¼ 0.02) was found (Supplementary Table 2 and Table 3 ). We observed no significant effect modification by BMI, HRT use, smoking status, leisure time physical activity, educational level, and ER status (data not shown).
DISCUSSION
In our study of German postmenopausal breast cancer patients, a higher pre-diagnostic intake of an 'unhealthy' dietary pattern was associated with an increased risk of non-breast cancer mortality, whereas the 'healthy' pattern was inversely associated with risk of overall mortality and breast cancer recurrence among stage I-IIIa patients only.
Similar results were found by two previous US studies for the mortality outcomes with either pre-diagnostic (Kroenke et al, 2005) or post-diagnostic dietary patterns (Kroenke et al, 2005; Kwan et al, 2009 ). However, a post-diagnostic 'healthy' pattern was not previously associated with a reduced breast cancer recurrence risk (Kwan et al, 2009) . A randomised clinical trial of a diet high in vegetables, fruit and fibre, and low in fat, found no effect on breast cancer recurrence and mortality (Pierce et al, 2007) . Therefore, our The model was stratified by age at diagnosis and study centre. The model was stratified by age at diagnosis and study centre, and adjusted for tumour size, nodal status, metastases, tumour grade, ERPR status, radiotherapy, HRT use at diagnosis, mode of detection, and total energy intake; the model for other mortality was additionally adjusted for cardiovascular disease; because of missing covariate values, 66 observations were not included in model 2. Other potentially confounding variables, as specified in Supplementary Table 1, were not statistically significant and did not change the risk estimates by Z10% when tested in the model and were therefore not included in the final model. findings have to be confirmed by other studies. In disease-free women, an 'unhealthy' dietary pattern was also associated with increased risk of mortality from cardiovascular disease (Shimazu et al, 2007; Heidemann et al, 2008) , whereas the opposite was true for a 'healthy' dietary pattern (Brunner et al, 2008; Heidemann et al, 2008) . As postmenopausal breast cancer survivors frequently suffer from comorbid conditions (Patnaik et al, 2011) , making healthier dietary choices may provide a means to improve their overall prognosis.
The dietary patterns we identified are somewhat different from those in the US studies. One explanation is that factor analysis is subject to several subjective decisions (Martinez et al, 1998) . Further, we used a different FFQ in our study, resulting in a different classification into food groups. Also, we could not differentiate between low-and high-fat dairy, and between whole and refined grains, which are important characteristics of the prudent and Western pattern. Finally, eating habits are different between Germany and the United States.
Strengths of our study are the relatively large sample size, population-based design, and nearly complete follow-up.
Limitations include the use of the FFQ. Although this is a validated dietary assessment methodology, non-captured dietary factors may have gone undetected, and recall bias and measurement errors cannot be ruled out. Also, potential changes in dietary patterns after diagnosis cannot be accounted for. We cannot exclude residual or uncontrolled confounding, and had a limited sample size for subgroup analyses.
In conclusion, higher intake of a pre-diagnostic 'unhealthy' dietary pattern may increase the risk of non-breast cancer mortality, whereas a higher intake of a 'healthy' dietary pattern may decrease the risk of overall mortality and breast cancer recurrence. The model was stratified by age at diagnosis and study centre. The model was stratified by age at diagnosis and study centre, and adjusted for tumour size, nodal status, metastases, tumour grade, ERPR status, radiotherapy, HRT use at diagnosis, mode of detection, and total energy intake; because of missing covariate values, 49 observations were not included in model 2. Other potentially confounding variables, as specified in Supplementary Table 1, were not statistically significant and did not change the risk estimates by Z10% when tested in the model and were therefore not included in the final model.
